Objective: To examine weight loss maintenance among previous participants of a university-based behavioral weight management program and to compare behavioral strategies and perceived barriers between successful and unsuccessful maintainers. Method: Previous program participants (n ¼ 179) completed mailed surveys assessing current weight, weight control behaviors and perceived barriers to weight loss maintenance. Results: At 14.1 ± 10.8 months following completion of treatment, survey respondents were on average 12.6 ± 12.6 kg, or 11.3±10.7%, below baseline weight; 76.5% of respondents had successfully maintained weight, defined as maintaining a weight loss of at least 5% below baseline. Compared to unsuccessful maintainers, successful maintainers reported practicing four dietary and three physical activity weight control strategies more often and experiencing five barriers to healthy eating and exercise less often. After accounting for time since treatment and maximum weight loss while in treatment, the strongest correlates of successful weight loss maintenance were frequent exercise and perceived difficulty of weight management. Conclusions: Clinically meaningful weight loss maintenance was achieved by the majority of participants. Findings support the literature indicating that physical activity is one of the strongest predictors of successful weight loss maintenance. Findings also suggest that strategies to reduce the level of perceived effort required for long-term weight control may improve maintenance outcomes.
Introduction
Popular belief is that 95% of people who lose weight will eventually regain it back. This belief has its roots from a 1959 study by Stunkard et al. 1 which followed 100 obese individuals for 2 years after treatment and reported that only 2% maintained a weight loss of at least 9.1 kg (20 lb). In 1989, Kramer et al. 2 published a paper that presented a table of behavioral weight loss programs showing 'a nearly invariant pattern of weight regain' within 1-2 years. In 1995, the Institute of Medicine (IOM) stated that most individuals experience significant weight regain during the first year following a weight loss program, and almost all experience complete regain within 5 years. 3 Shortly thereafter articles appeared in the literature with titles such as 'Most obesity treatment methods are ineffective over the long term' 4 and 'Can anyone successfully control their weight?'. 5 The propagation of this pessimistic message likely influenced the perception of both the general public and health care professionals alike about the feasibility of behavioral treatment for long-term weight loss maintenance. Conversely, over the past decade research has shown that some individuals do in fact succeed at losing and maintaining enough weight to confer clinically significant health benefits. With evidence showing that losing 5-10% of initial body weight is enough to improve obesity-related health complications, 6, 7 the focus has become maintaining smaller amounts of weight loss for 1 year or longer, rather than expecting reduction to ideal weight without any regain. 8, 9 The National Weight Control Registry (NWCR) demonstrates that long-term weight maintenance is achievable with over 3000 members who reported losing an average of 30 lb and keeping it off for an average of 5.5 years. 10 In a 2-year prospective analysis, 96.4% of NWCR members remained 10% or more below their maximum lifetime weight even though 65.7% had regained some amount of weight (mean of 3.8±7.6 kg) during the 2 years. 11 Commercial weight loss programs have shown that among select groups of participants who successfully lost a significant amount of weight (reduction to a body mass index, BMIp25 or about 24% weight loss), the majority successfully maintained a 5% weight reduction, about 70% after 2 years and 50% after 5 years. 12, 13 Other commercial programs that include all participants, not just the most successful or those who complete the program, report lower maintenance rates (about 40% maintain 5% after 2 years). 14 In a review, Wing and Phelan 9 noted that about 20% of overweight individuals successfully lose 10% of body weight and keep it off for at least 1 year, and that duration of maintenance is the best predictor of weight regain. While these success rates may appear modest, one needs to ask, modest as compared to what? Drug therapies for obesityrelated chronic conditions, such as hypertension, hypercholesterolemia and type 2 diabetes, also face high nonadherence rates and subsequent lack of control of the disease. For example, one recent review found that only 27-36% of diabetic patients successfully adhered to oral hypoglycemic agents (defined as taking 90% or more of medications as prescribed). 15 Even tightly controlled clinical trials report medication adherence rates of only 43-78%. 16 A medication regimen requires taking one or more pills once or several times a day, whereas weight control requires permanent changes in multiple decades-old diet and activity habits that are not supported by the current 'obesogenic' environment. For example, successful maintainers from the NWCR weigh themselves at least once per week and often daily, consistently and consciously control their dietary intake to consume less than 1400 kcal per day on average and complete an average of 1 h of moderate intensity physical activity per day. 10 Only a small minority (an estimated 5%) of adults who successfully lose a significant amount of weight have participated in a university-based program. 17 University programs have often been described as ideal to the extent that they select participants free from major disease complications and have trained personnel with formal structure and payment for participants. At the same time, obese people who seek treatment in university-based programs tend to have higher rates of disordered eating and psychopathology 18 and numerous previous failed weight loss attempts, 19 thus they may represent a group that is more predisposed to weight regain. Although many universitybased weight control programs have expanded to include long-term weight maintenance phases lasting a year or longer, little is known about how participants in these programs fare after contact with the intervention team ends.
The purpose of the current study was to examine the extent of successful weight loss maintenance following a universitybased behavioral weight management program and to compare behavioral strategies and perceived barriers between successful and unsuccessful maintainers. Whereas the NWCR follows self-selected individuals who have reported previously succeeding at weight loss maintenance, this study compares successful and unsuccessful maintainers following a specific weight loss bout induced by standardized program that included treatment for both weight loss and weight loss maintenance.
Method
Participants 18 All studies started with a 3-month weight loss phase, using either a medically monitored very low-calorie diet (500 kcal per day) or a low-calorie diet (1200 kcal per day) using prepackaged meals in the form of shakes, entrees or both. The weight loss phase was followed by a weight maintenance period of 6-21 months, depending on the study. During maintenance, participants followed a structured eating plan with a calorie goal calculated to maintain the lower body weight, and in three out of the four studies, participants were encouraged to continue to consume prepackaged meals. Regardless of the primary research question, the different studies had common educational and behavioral strategies throughout the duration of the intervention. Nutrition education emphasized the importance of consuming a reduced calorie, portion-controlled diet high in fruits, vegetables and fiber and low in fat. Physical activity topics included principles of caloric expenditure, fitness, intensity, duration, safety, dealing with adverse weather conditions and so on. Behavioral strategies included goal setting (for example, consuming five or more fruit and vegetable servings (FV) per day and accumulating 150-300 min of physical activity per week), self-monitoring (for example, turning in diet and physical activity logs twice per week), stimulus control and problem-solving particularly around social situations and other triggers, relapse prevention and cognitive reframing for negative thoughts. Partici- A total of 461 participants started treatment in WCRP. Of these, 44 dropped out of treatment during the first 3-month weight loss phase, 211 dropped out of treatment during the weight maintenance phase (mean time in treatment ¼ 9.5±5.2 months) and 206 completed treatment (mean time in treatment ¼ 13.7 ± 5.4 months). To be included in this study, participants had to complete the 3-month weight loss phase but not the weight maintenance phase (n ¼ 417).
Procedure
Participants were mailed a survey that assessed current weight, ongoing use of weight control behaviors that had been taught in the WCRP clinics and perceived barriers to weight maintenance. Participants had not been told while in the clinic that any type of follow-up would be conducted nor was any contact made with participants prior to the mailing of the surveys. After 4 weeks of no response, research staff attempted to contact participants by phone or email to request that they complete and return the mailed survey. The study was approved by the Human Subjects Committee at the University of Kansas.
Although it would have been preferable to have measured weights in the clinic, this was not feasible because of expense and participant burden. Self-reported weight has been used in other follow-up weight loss maintenance studies and is generally believed to provide an adequate estimate of measured weight. 19, 20 In addition to current weight, the survey assessed frequency of 14 weight control behaviors and 8 barriers (Tables 4 and 5 ). The weight control behaviors were selected based on the strategies that participants were exposed to in the treatment program and were supported by the existing literature on weight loss maintenance. 9, 10 We were also interested in keeping the survey brief to reduce response burden. In addition to items assessing diet and exercise behaviors, we emphasized self-monitoring behaviors (keeping records for eating, keeping records for exercise and weighing self) given their importance for long-term weight control. We also assessed re-engagement in treatment through commercial or self-help programs. Response choices were on a five-point scale
In addition, participants reported their perceived difficulty in managing weight on a five-point scale from 'easy' to 'impossible.'
Statistical analyses
We used one-way analysis of variance with post hoc comparisons to examine weight change from baseline to follow-up, and from end of treatment to follow-up, across time since treatment categories (less than 6 months, 6-12 
Results

Characteristics of survey responders and nonresponders
Of the 417 surveys mailed out, 33 (8%) were returned due to wrong addresses. Of the remaining 384 surveys, 179 were returned (46.6%). Participant characteristics of responders and nonresponders are presented in Table 1 . Responders were out from treatment for significantly less time (14.1 ± 10.8 months) than nonresponders (22.1 ± 14.7 months; Po0.001). No other characteristics significantly differed between responders and nonresponders. Responders were 82.1% white, 65.9% female, 48.7 ± 9.0 years old, and had a baseline BMI of 37.6 ± 6.5. They remained in treatment for an average of 11.9±5.5 months, and 67.6% completed treatment. They had a maximum weight loss of 23.0 ± 10.0 kg (21.0 ± 7.2% of baseline weight) during treatment, and regained an average of 6.8±6.0 kg during the weight loss maintenance phase of treatment. Weight loss maintenance CA Befort et al
Weight maintenance outcomes
Weight outcomes are presented as weight change from baseline to follow-up (the IOM definition) and as weight change from end of treatment to follow-up (reflecting the amount of regain). Weight outcomes were compared across men and women and no significant differences were found, therefore data are presented only for the total sample and by time since treatment categories. At follow-up, respondents were on average 12.6 ± 12.6 kg, or 11.3 ± 10.7%, below baseline weight (Table 2 ). In addition, 76.5% (n ¼ 137) had maintained a weight loss of at least 5% below baseline, and 55.9% (n ¼ 100) had maintained a weight loss of at least 10% below baseline. Compared to participants who were out from treatment for 24 months or longer, those who were out for less than 6 months (Po0.05) or for 6-12 months (Po0.01) had significantly greater weight loss maintenance, both in terms of kg and percent of baseline weight. Those who were 6-12 months out from treatment were 14.2 ± 12.7% below baseline compared to 6.1 ± 10.2% for those out more than 24 months. On average, respondents regained 3.7±10.8 kg since treatment, which translates to an average maintenance of 79.5 ± 78.6% of their final weight loss at the end of treatment (Table 3) . A total of 42% of respondents maintained at least 95% of their weight loss, however, the percent of weight maintained significantly differed by time since treatment. Again, those who were out from treatment for less than 6 months (Po0.01) or for 6-12 months (Po0.05) maintained a significantly higher percent of their weight loss (104.0±25.9 (additional losses) and 95.3 ± 90.5%, respectively) compared to those out for 24 months or longer (46.1 ± 99.8%).
Assuming nonresponders gained 0.3 kg per month, the average weight at follow-up for nonresponders was 9.0± 9.8 kg below baseline weight, compared to the 12.6 ± 12.6 kg below baseline weight for responders, which corresponds to a weight regain at a rate of 0.2 kg per month. Using this approach, 62.6% of nonresponders would have maintained a weight loss of at least 5% below baseline, compared to 76.5% of responders, or 68.6% of the total sample of responders and nonresponders combined. Weight regain for nonresponders was calculated to be 6.4 ± 4.1 kg, and their percent of weight loss maintained was 45.7±79.5%. Responders and nonresponders combined regained 5.4 ± 7.7 kg and maintained 60.1 ± 66.0% of their final weight loss.
Although the focus of this study is on weight loss maintenance after successful weight loss, success rates were also calculated including those who did not complete the 3-month weight loss treatment. Using the 461 participants who started treatment as the denominator and assuming that those who failed in completing initial weight loss Percentages are cumulative, e.g., those who maintained X10% are also included in X5%. Weight loss maintenance CA Befort et al treatment also did not achieve weight loss at follow-up, 62% of treatment starters maintained a weight loss of at least 5%, and 40.3% maintained a weight loss of at least 10% of initial weight.
Weight control behaviors across successful and unsuccessful maintainers a Successful maintainer defined as maintaining a weight loss X5% of baseline weight. b 'Frequently' defined as 'often' or 'always.' **Po0.01; ***Po0.001. Weight loss maintenance CA Befort et al the significant dependent variables, are shown in Table 6 . Individuals who frequently exercised 30-60 min per day had 5.09 times greater odds of being successful maintainers than those who did not frequently exercise (Po0.01). Compared to individuals who reported that weight management was 'impossible,' the odds of being a successful maintainer were 24.1 times greater for those that reported it was 'easy to relatively easy' (Po0.01) and 8.1 times greater for those that reported it was 'fairly difficult' (Po0.01).
Discussion
Results of this study are consistent with a growing literature suggesting that weight loss maintenance is possible for many individuals and is associated with consistent behavioral patterns. Our data suggest that three-fourths of individuals are capable of maintaining a 5% weight loss for 14 months, on average, after ending a university-based weight loss program. When including nonresponders, an estimated two-thirds of individuals maintained a 5% weight loss for 18 months on average after ending treatment. These results are consistent with a similar study by Wadden et al. 25 which found that at 1-year follow-up from a combined very low calorie diet and behavioral therapy program, 72% of participants had maintained a weight loss of at least 5 kg.
In addition, in a recent follow-up study of Weight Watchers lifetime members (those who reached their goal weight corresponding to a BMI less than 25), 60-70% of members had maintained at least a 5% weight loss at 1-2 year followup. 12 Our findings are encouraging because we included all participants who entered the weight loss maintenance phase of treatment, not just the most successful or those who completed treatment. Compared to Wing et al.'s estimate 9 that 20% of individuals are able to maintain a 10% weight loss for a year or longer, 54% of our participants out for 1-2 years maintained a 10% loss, as did 26% of those out for 2 years or longer. These positive findings may be reflective of the large initial weight losses (16 kg) and the length of treatment, which on average consisted of weekly meetings for 1 year with the majority of that time being focused specifically on weight maintenance. It is well established that longer treatments lead to better long-term results, 26, 27 particularly if maintenance treatment involves frequent self-monitoring and positive reinforcement 23 or effective problem-solving therapy. 28 Our results suggest that an extended weight loss maintenance treatment may be effective for not only decreasing weight regain during treatment, but also within the 1-2 years after contact with the treatment program ends. Consistent with the literature, time since treatment was a significant predictor of successful weight loss maintenance. We anticipate that with longer follow-up participants will likely regain additional weight. However, our results show that nearly 50% of participants who were over 2 years out from treatment, and nearly 3 years out from the weight loss phase of treatment, maintained a 5% weight loss, suggesting that many individuals will be able to maintain a clinically significant body weight reduction.
During treatment, all participants in the current analysis used low-calorie prepackaged food in the form of shakes and/or entrees. At follow-up, 31% of successful maintainers continued to use prepackaged meals on a routine basis compared to only 12% of unsuccessful maintainers. Prepackaged, nutritionally balanced and portion-controlled foods are increasingly being recognized not only as a tool for weight loss but as a successful means for long-term weight maintenance. 29 For example, in one long-term investigation, use of prepackaged meals for one meal and one snack per day led to an average weight loss of 7.8% at 3 months, which was increased to 8.4% after 4 years. 30 The weight control behaviors that distinguished successful and unsuccessful maintainers were consistent with the behavioral practices of the NWCR participants and suggest that successful maintainers have made substantial changes across multiple dietary and physical activity habits. These include routinely following a reduced fat, portion-controlled diet with five or more FVs per day and exercising 30-60 min per day along with keeping exercise plans and records. Among these behaviors, regular exercise was the most strongly associated with successful weight loss maintenance. The emphasis on physical activity among our participants is consistent with an increasing body of evidence indicating that large amounts of physical activity, on the order of 1 h per day, is one of the most important factors for weight loss maintenance. 10, 31, 32 Unsuccessful maintainers in the current study reported higher perceived difficulty for weight management despite the finding that they were doing less in terms of dietary and physical activity behaviors. By far the most frequently experienced barrier was the ease with which old habits return, and 75% of unsuccessful maintainers described weight management as very difficult to impossible. Learning theory maintains that as new behaviors are acquired and repeatedly practiced, over time they require less conscious effort, however it may take several years before the multiple behavior changes associated with weight loss become For example, among NWCR participants, those who had maintained weight loss for a shorter length of time, that is, 2-3 years, reported that it required significantly more effort and attention compared to those who had maintained for 6 years or longer. 34 Slips in behavior are frequent and interrupt the learning process, 35,36 thus it is not surprising that weight regain is most likely to happen within the first few years of weight loss. Changes in dietary and physical activity patterns may be particularly difficult to sustain because the behaviors are often time consuming and in opposition to a busy lifestyle built around convenience, mechanization and consumption of energy-dense food.
One limitation of the current study is the use of selfreported weight. Although previous studies have found adequate validity and reliability for self-reported weight, 20 particularly among individuals actively engaged in weight loss maintenance, 19 some 12, 14 but not all 11, 13 investigators have added 2 kg to self-reported weight to account for bias. We chose not to do so because there is only limited evidence to indicate that 2 kg is the appropriate adjustment 37 and because this method does not take into consideration factors such as gender, age and level of obesity that have been shown to impact the extent of bias. 38 Moreover, a 2 kg adjustment does not dramatically change our findings (with the adjustment, 70% maintained a 5% weight loss compared to 76% without the adjustment). A second limitation is the 47% response rate which is consistent with survey response rates in general that do not provide advance notice or incentives 39 and is similar or higher than other recent obesity treatment follow-up surveys. 40, 41 Nonresponders were out from treatment for a longer period of time than responders and can be expected to have regained more weight. To deal with this problem of missing data, we used a conservative approach supported in the literature to estimate weight regain among nonresponders at a higher rate than among responders (0.3 kg per month compared to the 0.2 kg per month among responders). The results of this study and those of others indicate that the majority of participants are able to maintain 5% or more weight loss for a year or longer and suggest that traditional approaches to weight control based on individual behavior change may be more clinically effective than previously believed. This more positive view about the long-term effectiveness of behavioral treatment coincides with a focus on maintaining smaller, and more realistic, amounts of weight loss as well as advancements in behavioral treatment including longer treatments focused specifically on weight loss maintenance. Further improvements in population-based weight control will likely stem from dissemination of empirically supported treatments as well as environmental and policy changes that reduce the level of effort required for individuals to sustain substantial lifestyle changes.
